Abstract. The objective of the study is projecting and calculation of shore protection structure of the water recreation facility in northern climatic conditions of Arkhangelsk city. In the course of study, three constructive solutions including anchored or non-anchored Larsen dowel wall were projected based on geotechnical conditions of Arkhangelsk. Geotechnical conditions include physico-mechanical and strength characteristics of soils, determined in accordance with the geological regulations. The calculation of bank protection structures was performed in PLAXIS 3D Foundation package by the finite element method. The study represents diagrams and graphics showing the deformations of bank protection structure. The result of the study is a solution chosen according to the reliability criterion. Recommendations and directions for the future research were proposed.
Introduction
Organized water recreation is a promising area of urban infrastructure in Arkhangelsk city. Objects of organized water recreation include yacht clubs, moorings, slipways etc.
Arkhangelsk is located in the mouth of the Northern Dvina at a distance of 30 km from the White Sea. Arkhangelsk refers to the Arctic zone of Russia; therefore, there are some challenges such as adverse engineering and geological conditions and rigorous climate. While projecting the objects of organized water recreation much attention should be given to the structural features of the berthing facilities.
In Archangelsk the ground is formed by plastic and turgid moraine loams lying at a depth of 2-2.5 m from the surface. During the periods of spring snowmelt and heavy rains the groundwater level lies near the surface. In the basin of the Northern Dvina, erosion is very strong. Therefore, the berthing facility should serve to strengthen the river bank.
Previously the issue of projecting berthing facilities in northern climatic conditions was considered in articles [1, 2] . Studies also showed that construction of objects of organized water recreation is the main condition for development of water infrastructure generally [3] . Besides, the development of water recreation will entail the development of tourism and attraction of investments, which will allow to build new facilities.
The objective of the current study is projecting and calculation of bank protection structure of the water recreation facility in northern climatic conditions of Arkhangelsk city.
Materials and methods
Based on the results of geological surveys in the coastal zone of Arkhangelsk, the following stratification of soils has been identified:  Soil №1 -technogenic soil -gray dusty water-saturated sand, layer thickness is 3 m;  Soil №2 -alluvial-marine sediments -fluid clayey mud, layer thickness is 7 m;  Soil №3 -diluvium -tough loam with 5% amount of gravel and pebbles, layer thickness is 10 m;  Soil №4 -marine sediments -sand of medium density. Physico-mechanical and strength characteristics of soils were determined in accordance with the GOST 12248-2010 [4] and GOST 20276-2012 [5] . The characteristics are presented in tables 1, 2. The calculation is performed in PLAXIS 3D Foundation by the finite element method. The finite element method (FEM) is the main method of modern construction mechanics, which is the basis of most modern software complexes designed to perform calculations of building structures on a computer.
The finite element method is based on the representation of a real construction by its discrete model. Differential equations describing the stress-strain states of continuous bodies are replaced by a system of algebraic equations. The essence of that method is that the area occupied by the construction is divided into a number of small subdomains, which size is finite [6] . Subdomains are called finite elements (FE), and the process of breaking down is called discretization.
PLAXIS 3D Foundation is a finite element package that has been developed specifically for the analysis of deformation, stability and flow in geotechnical engineering projects. The simple graphical input procedures enable a quick generation of complex finite element models, and the enhanced output facilities provide a detailed presentation of computational results. The calculations are fully automated and based on robust numerical procedures [7] .
The following constructive solutions of shore reinforcement structures for geotechnical conditions of Arkhangelsk were suggested. All variants are based on Larsen dowel L-4 [8] , length of 15 meters.
The first constructive solution is the non-anchored dowel wall. The second constructive solution includes anchored dowel wall and bored piles made of reinforced concrete. Piles have square cross-section measuring 300*300 millimeters length of 10 meters. Anchor rods are a steel rope with a diameter of 49 millimeters.
The third constructive solution includes anchored dowel wall and a support concrete wall length of 1,5 meters, 300 millimeters thick. Two walls are connected with steel anchor rods. Fluid clayey mud is extracted and the vacated space is filled with sand. The value of total displacements of construction is 0,137 m. Such a value of displacements is unacceptable. 
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Discussion
Based on the results of calculations above, it is recommended to use the second and the third constructive solutions for further construction. These two variants are shown in the Table 3 . The main criterion of comparison is the reliability. It is recommended to accept the third variant of the construction since this option is the most reliable.
Both options involve large expenditure items, therefore it is recommended to conduct an economic calculation of both constructive solutions, including the costs of work and materials. Based on the future economic calculation, a more economical constructive solution can be used.
The obtained result represents the great importance for the construction of water recreation facilities in the Arctic zone. Engineered options can be widely used in practice both in Arkhangelsk region and in other regions with similar geotechnical conditions.
